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Cross Reference To Related Applications 
[ 1] TTie present application claims the benefit of the filing dates of (1) U.S. provisional patent 
application serial no. 60/412,653, attorney docket no 25791.118, filed on 9/20/2002, the disclosure of 
which is incorporated herein by reference. 

[2] The present application is related to the following: (1) U.S. patent application senal no. 

09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 

09/510,913, attorney docket no. 25791.7.02, filed on 2A23/2000, (3) U.S. patent appUcation serial no. 

09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent no. 6^28,1 13, (5) U.S. 

patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000. (6) US. 

patent appUcation serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 

patent application serial no. 09/51 1,941, attorney docket no. 25791 .16.02, filed on 2/24/2000, (8) U.S. 

patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 

patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCX 

patent appUcation serial no. PCT/USOO/18635, attorney docket no. 25791 .25.02, filed on 7/9/2000, (1 1) 

U.S. provisional patent appUcation swial no. 60/162,671, attorney docket no. 25791.27, filed on 

1 1/1/1999, (12) U.S. provisional patent applicaticm serial no. 60/154,047, attorney dodket no. 25791.29, 

filed on 9/16/1999, (13) U.S. provisional patrat application seddl no. 60/159,082, attorney docket no. 

25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 

docket no. 2579136, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 

attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

60/212359, attorney docket no. 2579138, filed on 6/19/2000, (17) U.S. provisional patent application 

serial no. 60/165,228, attorney docket no. 2579139, filed on 11/12/1999, (18) U.S. provisional patent 

application serial no. 60/22 1 ,443, attorney docket no. 2579 1 .45, filed on 7/28/2000, (19) U.S. provisional 

patent application serial no. 60/221,645, attomey docket no. 25791.46. filed on 7/28/2000, (20) U.S. 

provisional patent application serial no. 60/233,638, attomey docket no. 25791.47, filed on 9/18/2000,(21) 

U.S. provisional patent application serial no. 60/237,334, attomey docket no. 25791.48, filed on 

10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attomey docket no. 25791 .50, 

filed on 2/20/2001, (23) U.S. provisional patent application serial no. 60/262,434, attomey docket no. 

25791.51, filed on 1/17/2001, (24) U.S. provisional patent application serial no. 60/259,486, attomey 

docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent application serial no. 60/303,740, 

attomey docket no.. 25791.61, filed on 7/6/2001. (26) U.S. provisional patent application serial no. 

60/313,453, attorney docket no. 25791.59, filed on 8/20/2001, (27) U.S. provisional patent application 

serial no. 60/317,985, attomey docket no. 25791.67, filed on 9/6/2001, (28) U.S. provisional patent 

application serial no. 60/33 1 8,386, attomey docket no. 25791 .67.02, filed on 9/10/2001, (29) U.S. utility 

1 



wo 2004/027392 PCT/US2003/025667 
patent application serial no. 09/969,922, attomeydocketno. 25791.69, ffled cm 10/3/2001, (30) U.S. utility 
patent q)plication serial no. 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (31) U.S. 
provisional patent application serial no. 60/343,674, attorney docket no. 25791.68, filed on 12/27/2001, 
(32) VS. provisional patent application serial no. 60/346,309, attorney docket no 25791.92, filed on 
1/7/2002, (33) U.S. provisional patent applicatfen serial no. 60/372,048, attorney docket no. 2579 1 .93, 
filed on 4/12/2002, (34) U.S. provisional patent application serial no. 60/380,147, attorney docket no. 
25791.104, filed on 5/6/2002, (35) U.S. provisional patent application serial no. 60/387,486, attorney 
docket no. 25791.107, filed on 6/10/2002, (36)U.S. provisional patent application serial no. 60/387,961, 
attorney docket no. 25791.108, filed on 6/12/2002, (37) U.S. provisional patent application serial no. 
60/394,703, attorney docket no. 25791.90, filed on 6/26/2002, (38) U.S. provisional paloit application 
serial no. 60/397,284, attorney docket no. 25791.106, filed on 7/19/2002, (39) U.S. provisional patent 
application serial no. 60/398,061, attorney docket no. 25791 .1 10, filed on 7/24/2002, (40) U.S. jrovisional 
patent application serial no, 60/405,610, attorney docket no. 25791.119, filed on 8/23/2002, (41) U,S. 
provisional patent application serial no. 60/405,394, attorney dodcet no. 25791-120, filed on 8/23/2002, 
(42) U.S. provisional patent application serial no. 60/412,542, attorney docket no. 25791.102, filed on 
9/20/2002, (43) U.S. provisional patent q?plication serial no. 60/4 12,487, attorn^ docket no. 25791 .1 12, 
filed on 9/20/2002, (44) U.S. provisional patent application serial no. 60/412,488, attorney docket no. 
25791.1 14, filed on 9/20/2002, (45) U.S. provisional patent application serial no. 60/412,177, attorney 
docket no. 25791. 1 17, filed on 9/20/2002, (46) U.S. provisional pat^t «qjplicati(Mi serial no. 60/412,653, 
attorn^ dodcet no. 25791.1 18, filed on 9/20/2002, (47) U.S. provisional patent applicaticMi serial no. 
60/412,544, attorney docket no. 25791 .121, filed on 9/20/2002, (48) U.S. provisional patent application 
serial no. 60/412,196, attorney docket no. 25791.127, filed on 9/20/2002, (49) U.S. provisional patent 
application serial no. 60/412,187, attorney docket no. 25791.128, filed on 9/20/2002, and (50) U.S. 
provisional patent application serial no. 60/4 1 2,37 1 , attorney docket no. 2579 1 . 129, filed on 9/20/2002, the 
disclosures of which are incorporated herein by reference. 

Background of the Invention 
[ 3] The present invention relates generally to tubular steel well casing and more particularly to an 
expansion mandrel which reduces stress during expansion of the casing. 

[ 4] Solid tubular casing of substantial lengdi is used as a borehole liner in downhole drilluig. The 
casing is comprised of end-to-oid interconnected segments of steel tubing to protect against possible 
coU^ise of the borehole and to optimize well flow. The tubing often reaches substantial depths and 
endures substantial pressures. 

[5] It is present practice to expand die steel tubing downhole by usmg a mandrel. This is a cold- 
working process which presents substantial mechanical challenges. This technology is known as solid 
expandable tubular (SET) technology. This cold-working process deforms the steel without any additicmal 
heat beyond what is present in die downhole ravironment 
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[6] It IS present practice to expand the steel tubing downhole by using a mandrel. This is a cold- 
working process which presents substantial medianical challenges. This technology is known as solid 
expandable tubular (SET) technology. Thiscokl-woikingprocessdefonnsthesteel withoutanyadditional 
heat beyond what is present m die downhole environment 

[7] An expansion cone, or mandrel, is used to p^manently mechanically defonn the pipe. The cone is 
moved through the tubing by a differential hydraulic pressure across tiie cone itself, and/or by a direct 
mechanical pull or push force. The differential pressure is pumped through an inner-string connected to 
the cone, and the mechanical force is applied by eidier raising or lowering the inner string. 
[ 8] Progress of the cone through the tubing deforms the steel beyond its elastic limit into the plastic 
region, while keeping stresses below ultimate yield. Expansions greater than 20%, based on pipe ID, have 
been accomplished. However, most applications using 41/4-13 3/8 mch tubing have required ©cpansions 
less tiian 20%. The ID of the pipe e?q)ands to the same ID of the expansion mandrel, v^ich is a function of 
expansion mandrel OD. Contact between cylindrical mandrel and pipe ID during expansion leads to 
significant forces due to fHction. It would be beneficial to provide method for testing tubular members for 
suitability for the expansion process. It would also be beneficial to provide a method for selecting tubing 
or tubular members well suited for expansion. 

Summary Of The Invention 
[ 9] According to one a^ect of the present invention, a method of testing a tubular member for 
suitability for expansion is provided using an expandability coefficient determmed pursuant to a stress- 
strain test of a tubular member using axial loading. 

[ 1 0] According to another aspect of the present invention, a tubular member is selected for suitability 
for expansion on a basis comprising use of an expandability coefficient determined pursuant to a stress- 
strain test of a tubular member using axial loading. 

[11] According to another aspect of tiie present invention, a method of testing a tubular member for 
suitability for expansion is provided using an expandability coefficient determined pursuant to a stress- 
strain test using axial loading comprising calculation of plastic strain ratio for obtaining the expansion 
coefficient pursuant to test results and using the formula: 



In— fi- 



In 



Lfpf^ Equation 1 



'A 

o o 



where, 

/ - expandability coefficient 

bo & bk - initial and final tube area (inch''2) 

Lo & Lk - initial and final tube l^gth (inch) 
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b - (D^2-d'^2y4 - cross sec^on tube area. 

[ 12] According to another aspect of tfie present invention, a tubular member is selected for suitability 
for expansion on a basis comprising use of an expandability coefficient determined pursuant to a stress- 
strain test using axial loading compris'mg calculation of plastic strain ratio for obtaining the expansion 
coefficient pursuant to test results and using the formula: 



LA Equation 1 



where, 

/ - expandability coefficirat 
bo & bk - initial and final tube area (indi^2) 
Lo & Lk - initial and final tube l^gdi (mch) 
b = (D^2-d^2)/4 - CTOSS section tube area. 

[ 1 3] According to another aspect of the preset bvention, a tubular monber is selected for suitability for 
expansion on a basis comprising use of an expandability coefficient determined pursuant to a stress-strain 
test using axial loading and one or more physical properties of the tubular member selected fix)m stress- 
stram properties in one or marc directional orientations of the material, Chaipy V-notch impact value in one 
or more directional orientations of the material, stress rupture burst strength, stress rupture collapse 
strength, strain-hardening exponent(n-value), hardness and yield strength. 

Brief Description of the Drawings 

[ 1 4] Fig. I depicts in a schematic fragmentary ax)ss-sectional view along a plane along and through the 

central axis of a tubular member that is tested to failure with axial opposed forces. 

[ 1 5] Fig. 2 is a stress-strain curve representing values for stress and strain that may be plotted for solid 

specimra sample. 

[ 16] Fig. 3. is a schematically depiction of a stress strain curve representing values from a test on a 
tubular member according to an illustrative example of one aspect of the invention. 

Detailed Description of the Dlustrative Embodiments 
[ 17) One of the problems of the pipe material selection for expandable tubular application is an 
apparent contradiction or inconsistency between strength and elongation. To increase burst and collapse 
strength, material with higher yield strength is used. The higher yield strength generally corresponds to a 
decrease in the fracture toughness and correspondingly limits the extent of achievable expansion. 
[18] II is desirable to select the steel material for the tubing by balancing steel strength with amount 
absorbed energy measure by Charpy testing. Generally these tests are done on samples cut from tubular 
members. It has been found to be beneficial to cut directional samples bodi longitudinally oriented 
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(aligned with the axis) and circumferentially oriented (generally peipendicularto the axis). This method of 
selecting samples is beneficial v/hcn both directional wittitations are used yet does not completely evaluate 
possible and characteristic anisotropy throughout a tubular member. Moreover, for small diameter tubing 
samples rq)resentativeof thecircumferaitial direction may bediflBcultand sometimes impossible to obtain 
because of the significant curvature of the tubing. 

[ 19] Tofurtherfacilitateevaluationof atubularm«nberforsuitabiliQrforexpansion it has be«i found 
beneficial according to one aspect of the invention to consider the plastic strain ratio. One such ratio is 
called a Lankford value (or r-value) which is the ratio of the strains occurring m the width and thickness 
directions measured in a single tension test The plastic strain ratio (r or Lankford - value) with a value of 
greater than 1 .0 is found to be more resistant to thinning and better suited to tubular expansion. Such a 
Lankford value is found to be a measure of plastic anisotropy. The Lankfoni value (r) may be calculate by 
the Equation 2 below: 



, L|i>. Equation 2 

O O 

where, 

r - normal anisotropy coefficient 
bo & bk - initial and final width 
Lo & Lk - initial and final length 

[ 20] However, it is time consuming and labor int^sive for this parameter to be measured using samples 
cut from real parts such as fiom the tubular members. The tubular members will have anisotropic 
characteristics due to crystallographic or "gram " orientation and mechanically mduced difiTerences such as 
impurities, inclusions, and voids, requiring multiple samples for reliably complete information. Moreover, 
with individual samples, only local characteristics are determined and die complete anisotropy of die 
tubular member may not be determinable. Further some of the tubular members have small diameters so 
that cutting samples oriented in a circumferential direction is not always possible. Information regarding 
the characteristics in the circumferential direction has been found to be important because the plastic 
deformation during expansion of the tubular members occurs to a very large extent in the circumferential 
direction, 

[21] One aspect of the present inventicm comprises the development of a solution for anisotropy 
evaluation, including a kind of plastic strain ratio similar to the Lankford parameter that is measured using 
real tubular members subjected to axial loading. 

[ 22] Fig. 1 depicts in a schematic fragmentary cross-sectionai view along a plane along and through the 
axis 12 of a tubular member 10 that is tested with axial opposed forces 14and 15. The tubular member 10 
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is axially stretched beyond the elastic limit, through yielding and to ultimate yield or fracture. 
Measurements of the force and ^e OD and ID during the process produce test data that can be used in the 
fonnula below to produce an expandability coefficient '/"as set forth in Equation 1 above. Alternatively a 
coefficient called a fonnability anisotrc^y coefRcirat F(r) that is function of the normal anisotropy 
Lankford coefficient r m^ be determined as in Equation 3 below: 

^(')~ ijj^ Equation 3 

F(r) - formability anisotiqpy coefBcient 
bo & bk - initial and final tube area (indi^) 
Lo & Lk - initial and final tube lengdi (indi) 
b = (D^2-d'^2y4- cross section tube area. 

[ 23] In either circumstance / or F(r) the lise of this testing method for an entire tubular member 
provides useful information including anisotropic characteristics or anisotropy of &e tubular member for 
selecting or producing beneficial tubular members for down hole expansion, similar to the use of the 
Lankford value for a sheet material. 

[ 24] Just as values f^ stress and strain may be plotted for solid specimen samples, as 

schematically depicted in Fig 2, the values for conducting a test on the tubular member may also be plotted, 
as depicted in Fig 3. On this basis the expansion coefBci^t/(or the foimabilitycoefiRcientF(Vj^ maybe 
determined. It will be the best to measure distribution (Tensile-elongation) in longitudinal and 
circumfmntial directions simultaneously. 

[ 25] The foregoing expandability coefficient (or fonnability coefficient) is found to be useful in 
predicting good expansion results and may be further useful when used in combination with one or more 
other properties of a tubular member selected fix>m stress-strain properties in one or more directional 
orientations of the material, strength & elongation, Charpy V-notch impact value in one or more directional 
orientations of the material, stress burst rupture, stress collapse rupture, yield strength, ductility, toughness, 
and strain-hardening exponent (n - value), and hardness. 

[ 26] Although illustrative embodiments of the invention have been shown and described, a wide 
range of modification, changes and substitution is contemplated in the foregoing disclosure. In some 
instances, some features of the present invention may be employed without a corresponding use of the 
other features. Accordingly, it is appropriate that the appended claims be construed broadly and in a 
manner consistent with the scope of the invention. 
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Claims 

What is claimed is: - 

1 . A method of testing a tubular member for suitability for expansion is provided comprising the 
steps of subjecting at least a portion of the tubular member to axiaUoadin^ 

the tubular member through the elastic defonnation, plastic yield and to ultimate yield, and calculating an 
expandability coefficient/ 

2 A method of testing a tubular member for suitability for expansion as in claim 1 wherein the step 
of subjecting the at least a portion of the tubular member to axial loading comprises subjecting the entire 
tubular member to axial loading. 

3. A mediod of testing tubular members for suitabUity for expansion wherein tfie step of calculating 
an expandability coefficient comprises calculating the expandability coefficient usmg the following 
fonmula (Equation 1): 



l^iA, Equation 1 



O 0 



wiiere, 

/- expandability coefficient 
bo & bk - initial and final tube area (inch^) 
Lo & Lk - initial and final tube lengdi (inch) 
b = (D^2-d'^2)/4 - cross section tube area. 

4. A method of selecting tubular members for suitability for expansion is provided comprising the 
steps of subjecting at least a portion of a representative sample of tubular members to axial loading, 
stretching at least a portion of the tubular member tlirough the elastic deformation, plastic yield and to 
ultimate yield, and calculating an expandability coefficient/ and choosing such tubular members for v**ich 
the sample provided a desirable coefficient of expandability above a value of 1 . 

5. A method of selecting tubular members for suitability for expansion as in claim 1 wherein the step 
of subjecting the at least a portion of the tubular member to axial loading comprises subjecting at least one 
entire tubular member to axial loading. 

6. A metfiod of selecting tubular members for suitability for expansion wherein the step of 
calculating an expandability coefficient comprises calculating the expandability coefficient using the 
following formula (Equation 1): 
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. Equation 1 

LA 



where, 

/- expandabiUty coefficient 
bo & bk - initial and final tube area (inch'^2) 
Lo & Lk - initial and final tube length (inch) 



b = (D^2-d'^2y4-cn,sssect.ont»bea«^^^^^ ^^^^^ 
7. — toano^e^as^ofthep^^ 

for expansion on a basis comprismg .«e of an «cpandab.hty ^^^^^ 
^^usinsa^lo^lngin^nnb^on^oneor^ph^^^^^^ 

select ^ a ^up of pn,per.ies c««pdsing ^T^^^J^:^,!,,^ .Mentations of *e 



exponent (n-value), and hardness. 
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(57) Ahslract: A method of testing a luhular memhcr (10) and selecting tubular members tor suit- 
ability for expansion by subjecting a rcprcsenlative sample the tubular member to axial loading (14, 
15). stretching at least a p<»rtion of the tubular member through elastic dcrormation, plastic yield 
and to ultimate yield, and based upon changes in length and area calculating an expandability ct)cf- 
ndeni indicative of expandability ol'the tubular members (10) and selecting tubular members (10) 
with relatively high ctxilfiticnis indicative of good expandability. 



OS 

o 

o 
o 

o 

5: 




wo 2004/027392 Al IHOUgiiiiiililiiliiilinill 



lis. II. IK. CiB, C5R. HU, Hi, I'l, Ml, MC, NK, Fi; RO. 
Sli. SI. SK. TOj. OAIM puloni (Bl-, BJ. (.T, CG, CI, CM. 
C;A. C?N. (iQ. (iW, ml, MR. Nl*. SN. TO, TG). 

Dn-kiniliun undrr Rule 4.17: 

— of invrntorshif* {Rule 4. 1 7{iv)) for IIS only 

Puhllshrd: 

— wiih imemmionat sean-h repitrt 



— with lunendr.d rlaims 

l>aU> of puhlicaliiHi oT I he anK*ndcd rbiinui: 10 June 2(N)4 

For two-leitrr codes and other ahbreviations. refer tt* the "ituid- 
ance Notes «»t Citdes and Abbreviations" uppeoring at the he^in- 
nin]( of eatJt regular issue of the /*(.7* Gazette. 



wo 2WM/027392 PCT/US2«t»3/025667 



AMENDED CLAIMS 
[received by the International Bureau on 21 April 2004 (21.04.04); 
claims 1-7 amended, claims 8-3S added] 



1 . A method of testing a tubular member for suitability for radial expansion and plastic deformation 
comprising: subjecting at least ai>oilion of tbc tubular member to axial loading, stretching at least a 
portion of the tubular member dirougb the elastic defomiation, plastic yield and to ultimate yield, and 
calculating an expandabiUty coefficient/ 

2. TTiemediod of claim I. wiiefeinsubjectmg the at least a portion ofthe tubular member to axial 
load'mg comprises subjecdng tiic entire tubular member to axial loading. 

3. TTie mctfiod of claim 1, herein the step of calculating an expandability coefficient comprises 
calculating die expandability coefficient using the follwing formula : 

'"IT 



[Equation 1] 



where, 

/- expandability coefficient; 

bo & bk - initial and final tube cross-sectional area (inch^); 
Lo & Lk - iuitial and final tube length (inch); 
b = (b* -d*)/4 - cross section tube area; 
D - tube outside diamet^ and 
d = nibe inside diameter. 



4. A mediod of selecting tubular members for suitability for radial expansion and plastic deformation 
comprising subjecting at least a pcMtion of a representative san^le of tubular members to axial 
loading, stretchmg at least a portion of tiie tubular members thiou^ the elasdc deformation, plastic 
yield and to ultimate yield, and calculating an expandability coefficient/ and choosing such tubular 
membm for which die sample provided a desirable coefficient of expandability above a value of 1 . 

5. The method of claim 4, wherein subjecting the at least a portion of a reptrscntative sample of 
tubular members to axial loading comprises subjecting tiie entire lengtfi of at least one of tbc tubular 
members to axial loading. 

6. Ibe method of clahn 4, wherein the step of calculating an expandability coefficient comprises 
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calculating the expandability coefficient using the following fonnula: 




[Equation 1) 



where. 



/ - expandability coefficient; 

bo & bk • initial and final tube cross secdonal area (iocb^); 



Lo & Lk * initial and final tube length Onch); 
b - (p^^yA - cross section tube area; 
D = tube outside diametBr; and 
d = tube inside diameter. 

7. A melhod of selecting a mbular member for suitability for radial expansion and plastic defonnation 
comprising using an expandability coefficient detennined pufsuant to a stress-strain test using axial 
loading in combination with one or more physical properties of tbe tubular member selected fiom a 
group of properties comprising stress-stram properties in one or mwe direcdonal orientations of the 
material, Charpy V-notch impact vahie in one or more directional mentations of the material, stress 
rupture burst strengtfi« stress rupture collapse strength, yield streng^ strain-bardening exponent (n> 
vahieX ond hardness. 

8. A system for testing a tubular member for suitability §x radial expansion and plastic defonnation 



means for subjecting at least a portion of the tubular member to axial loading, 

means for stretching at least a pcHlion of the tubular member through the elastic deformation, 

plastic yield and to ultimate yield, and 
means for calculating an expandability coefficient / 

9. The system of claim wherein means for subjecting the at least a portion of Ae tubular member to 
axial loading comprises means for subjecting tbc entire tubular nsember to axial loading. 

10. The system of claim 8, wherein means for wi1<;^il^^ting an expandability coefficient comprises 
calculating the expandability coefBcient using die blowing fonnula: 



comprising: 
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where, 

/- expandability coefficient; 

bo bk - initial and final tube cross sectional area (inch^); 
Lo & Lk - initial and final tube length (inch); 
b = (D?-d^y4 - cross sectioD tube area; 
D = tube outside diameter, and 
d = tube inside diameter. 



1 1 . A system for selecting tubular members for suitability f<H- ladtal escpansion and plastic defoimaticni 

comprising: 

means for subjecting at least a pottion of a representative sample of tubular members to axial 

bading, 

means for stretching at least a portion of the tubular members through the elastic deformation, 

plastic yield and to ultimate yield, and 
means for calculating an expandability coefficient/ and choosing such tubular members ibr 

>vliich the sample provided a desirable coefBctent of expandability above a value of 1 . 

12. The system of claim 11, wherein means for subjecting the at least a portion of a representative 
sample of tubular members to axial loading comprises means for suljecting tfie entire length of at least 
one of die mbubr members to axial loading. 

1 3- The system of claim 1 1 , wherein means for calculating an expandability coefficient comprises 
means for calculating the expandability coefficient using the following formula: 



In 



wfaere^ 

/. expandabili^ coefBcient; 

bo & bk - tnitidl and final tube cross sectional area Onch^); 
Lo & Lk - inttia] and final tube length (inch); 
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b = (D^ -dV4 - cross section tube area; 
D = tube outside diameter, and 
d s tube inside dtametcr. 

14. A system for selecting a tubular member for suitability for ladial expansion and plastk 
deformation comprising: 

means for conducting a stress-strain test on the tubular monbei; 

means for calculating an expandability coefficient deterauned pursuant to the stress-strain tes^ 
and 

means for selecting the tubular member as a function of the expandability coefficient and one 
or more physical propeities of the tubular member selected from a group of prt>penie5 
c^nprising stress*strain properties in one or more directional orientations of the 
material, Chaipy V-notch impact vahie in one or more directional orientations of the 
material, stress rupture burst strength, stress rupture coil^se strength, yield straigth, 
strain-hardening e;q;)ODent (n-valueX and hardness. 

15. The method of claim 1, further comprising: 

selectmg the tubular member for radial expansion and plastic deformation if the expandability 
coefficient is greater than or equal to a predetennined value. 

16. The method of claim 15« further comprising: 

radially expanding and plastically deforming the selected tubular member. 

17. The mediodofclaim 4, further conoprising: 

radially expandmg and plastically deforming one or more of ^e selected tubular members. 

18. The method ofclaun 7, fixrlher comprising: 

radially expanding and plastically deforming the selected tubular members. 

19. A metfiod of selecting tubular members for radial expansi(m and plastic deformation, comprising: 

characterizing one or more anisotropic characteristics of the tubular members. 

20. Hie metiiodofclaim 19, wherein at least one of die anisotrc^ic characteristics comprises a 
measuremoit of the plastic anlsotropy for die tubular members. 

21. A qrstem of seleciiDg tubular mmbers for radial C3cpansi(m and plastic 
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means for characterizing one or more anisotropic characteristics of the tubular member^ and 
means for radially expanding and plastically defonning one or more selected tubular members. 

22. The system of claim 21, wherein at least one of the anisotropic i^aracteristics comprises a 
measurement of the plastic anisotropy for the tubular membeis. 

23. The system of claim 21, viterein tbe selected tubular members comprise a plastic anisotropy 
measurement equal to a predetenntned vahie. 

24. A tabular member, comprising: 

a plasticity characteristic that is anisotropic. 

25. A system for radially expanding and plastically deforming a tubular memb^, comprising: 

means for selecting tubular membo^ suitable for radial expansion and plastic deformation; and 
means for radially expanding and plastically defonning die tubular member. 

26. The system of claim 25, whocein tubular members suitable fin- radial expansion and plastic 
defonnadon comprise a plastici^ characteristic that is anisotropic. 

27. Hie method of claim 1, further comprismg: 

selecting a tubular member for radial expansion and plastic deformation as fimction of the calculated 
fonnability coefficient 

28. The method of claim 1, further comprising: 

selecting a tubular member for radial expansion and plastic defonnation as fimction of the calculated 

fonnability coefficient and one or more of the following: 

stress-strain propeities in one or mm directiona] orientations, Charpy V-notdi impact value in 
one or more directional orientations, stress rupture burst strength, stress rapture 
collapse strengdi, yield strengOi, straht-hardenfaig exponent (n-valueX and haidness. 

29. A method of selecting tubular members suitable far radial expansion and plastic deformation, 

comprising: 

selectmg a tubular member for radial expansion and plastic deformation as function of foraiability 
anisotropy. 

30. A method of selecting tubular members suitable for radial expansion and plastic deforaiadon. 
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«na nlaid«i11y defonaing tubular members, comprising: 
J- -4„i«,fk»lWde!fbnn»Btnbo»arinembers.«^ 



====== 

35. An apparatus, comprising; 
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a subtenanean fonnadon deflntng a borehole; and 

a radially e}q>aoded and plastically deformed tubular member positioDed within and coupled to 

the borehole; 

wherein at least a poitian of tiie tubular member comprises a fonnability diaracteristic that is 
anisotropic. 
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